Abstract: Organothio sulfonyl carbenes 3 have been generated via ylid thermolysis or via α-elimination starting from α-chloro α-organothio sulfones and their derivatives. They have been captured by suitable nucleophilic trapping reagents (diazomethane, enol ethers, and others). Their nucleophilic carbenoid precursors could be trapped by an electrophilic olefin (ketene dithioacetal S,S-dioxides as Michael acceptors). Stable carbene Z-dimers could be obtained under various conditions. Bromine catalyzed isomerization to E-isomers proved to be reversible.
INTRODUCTION
During the sixties the pioneering work of U. Schöllkopf et al. [2] [3] [4] [5] opened the door to the study of the chemistry of monothiocarbenes 3 , chloro thiocarbenes 4 as well as dithiocarbenes 5 . Following on our studies on α-sulfonyl ethers 6 we investigated a.o. the typical reactions of donor substituted sulfonyl carbenes (donors: methoxy 1 , organothio 7 ) in order to classify their philicity 8 . Decomposition of ylids 1 (method A) or α-eliminations of YZ (predominantly HCl) (method B) from suitable precursors like 4 were preferentially used for carbene generation (Scheme 1). 
CARBENES FROM YLID-PRECURSORS, METHOD A.
Ylids 1 prepared from corresponding active methylene compounds 2 should give rise to corresponding carbenes 3 (Formula 1). Attempts to generate 1a 9 via diazo transfer from tosyl azide 10 proved to be unsuccessful and only unchanged starting materials were recovered. 1b has been reported to decompose in situ at -10°C yielding carbon dioxide and diphenyl disulfide 11 . After a series of unsuccessful attempts sulfonium ylids 1 c,d could be obtained in poor yields as rather stable compounds by use of dimethyl N-succinimidosulfonium chloride 5 12 (Scheme 2). Thermal decomposition of 1d (method A) in a boiling Z,E mixture (3:1) of 1,2-dimethoxyethylene (6f) (excess) gave cyclopropane 7 and various other compounds determined by 
CARBENES FROM CARBANIONIC PRECURSORS, METHOD B
No further attempts were made using method A because yields of 7 were too low and because parallel experiments according to method B proved to be more successful. Subsequently dithioacetal-S,S-dioxides 2 have been prepared according to known procedures (2d 11 was not utilized in this paper; other preparative methods 13 of starting compounds 2 were not applied): Method I ("Gibson's method") 14 : α-Sulfenylation of α-sulfonyl ketones followed by acyl cleavage; Method II: Selective unsymmetrical bisoxidation of dithioacetals 15 ; Method IIIa: Nucleophilic α-substitution of negatively substituted alkyl thioethers by means of sulfinate anion 16 ; Method IIIb: Nucleophilic α-substitution of chloride in chloromethyl sulfones by means of thiolate anion 17 ; Method IV: "sulfinate-sulfone Pummerer rearrangement" 18 during sulfinylation of methylene activated compounds with sulfinyl chlorides ("Philbin-Wheeler method") 19 followed by twofold acyl cleavage 20 (Scheme 4). Although intermediates 10 and 11 can be isolated, however, the use of 9a, 9b (R 1 =R 2 ) afforded 2 from 8 via a one-pot procedure.
Monochlorination of 2 to give corresponding α-chloro α-sulfonyl thioethers 4 by means of sulfuryl chloride ensued easily 21 , although caution was needed with some examples to prevent undesired dichlorination 12a (formation of 12). Stepwise halogenation of 2 with sulfuryl chloride and finally with bromine-pyridine 1:1 mixture in chloroform gave rise to crystalline α-bromo-α-chloro-α-sulfonyl thioethers 13. Methine proton exchange in 4 (or halogen exchange in 12,13 under PTC-conditions) led to reactive carbanions 4 -which could be trapped by electrophilic ketene dithioacetal-S,S-dioxide 14 via a Michael-type addition at low temperature and short reaction times to give γ-disulfones 15 (Scheme 5). Whereas methoxy arylsulfonyl carbenes 1 were trapped instantly by diazomethane to give rather inert ketene O,S-acetal S,S-dioxides, the corresponding ketene S,S-acetal S,S-dioxide 14, generated in situ from title carbene 3b and diazomethane, could be detected only by thin layer chromatography (TLC); owing to its high reactivity as a Michael acceptor (according to scheme 5) 4b -immediately underwent cyclopropanation yielding Z-16b (Scheme 6).
Scheme 6: Diazomethane trapping reaction of carbene 3b
The commonly used Michael acceptor ethyl acrylate added to the reaction mixture did not participate in these cyclopropanations , i.e. 14 was a superior Michael acceptor. Furthermore, Scheme 6 showed that diazomethane (excess) was much less nucleophilic toward 14 than was 4b -. Nevertheless, independently prepared 14 reacted with diazomethane via [3+2] cycloaddition to give pyrazoline 17a which eliminated sulfinic acid to 18a after treatment with hydrochloric acid (Scheme 7). 14 (R = H: 89%) + R-CHN 2
17
[HCl] (R = H: 90%)
17, 18
Scheme 7: 3-Methylthio pyrazolium salts 18 via cycloaddition and heteroaromatization A corresponding cycloaddition of diazoethane to 14 led immediately to formation of 5-methyl-3-methylthio-pyrazole 18b (isolated as the hydrochloride). In this case the pyrazoline intermediate 17b could not be isolated. Consequently, reaction of carbene 3b with two equivalents of diazoethane gave rise to 4,5-dimethyl-3-methylthio-pyrazole 21 (isolated as its hydrochloride in 77% yield); surprisingly, a small amount (4%) of 4,5-dimethyl-3-(4-tosyl)-pyrazole was formed additionally (Scheme 8). 
CYCLOPROPANES VIA TRAPPING REACTIONS OF THE TITLE CARBENES WITH REACTIVE OLEFINS
Whereas trapping experiments of PTC-generated carbenes 3 with ordinary olefins (i-butene, cyclohexene, E-stilbene, tetraphenylethylene, phenanthrene) failed, corresponding experiments with enol ethers, endiol ethers, and styrenes were successful. This selectivity classified carbenes 3 as less reactive electrophilic carbenes. Nevertheless, in the absence of trapping olefins or in the presence of less reactive olefins carbenes 3 suffered self-decomposition in presence of their carbenoids 4 -with formation of corresponding sulfinates 23. As has been shown in earlier papers on arylsulfonyl methoxy carbenes 24 S-addition to sulfinate leads to ß-disulfones in good yields. Principally, two pathways leading to formation of sulfinate seam to be possible: a) α-elimination from carbenoids 4 -; b) ß-elimination from carbene-carbenoid adducts, this last step according to the Stuffer-Backer mechanism 25 (Scheme 9). a) α-eliminations: Sulfinate S-addition occurs only with donor-acceptor substituted carbenes 1, 26 whereas O-addition followed by fragmentation usually predominates 27 . This latter reaction would lead to disulfides 29 and thiosulfonates 30 which were actually identified together with up to ten by-products (TLC-analysis) (Formula 3). O 2 29 30
Formula 3: Disulfides 29 and Thiosulfonates 30
However, the origin of the formation of 29, 30 has not been investigated because these compounds are usual decomposition products of the corresponding sulfinic acids 23. Generation of carbenes 3 was carried out under PTC conditions [KOH/H 2 O/CH 2 Cl 2 ] using 18-crown-6 as the most effective catalyst (found order of efficiency during cyclopropanations of 2,3-dihydrofuran 6d with 3b yielding 7h: 18-crown-6 (59%) > triethylamine (49%) > tri-n-butylamine (47%) > DBU (1.8-diazabicyclo [5.4.0.]undec-7-en) (21%) > Hünig base (ethyldi-i-propylamine) (13%) > N,N-diethylaniline (12%)). Use of aprotic reaction conditions (solvents: absol. THF or DMF; base: potassium t-butoxide) led to lower yields. The following reactive olefins 6 have been utilized for cyclopropanations: Alkyl vinyl ethers 6a-c, cyclic enol ethers 6d, e, styrenes 6f, g,1,2-enediol ethers 6h , 6i (Z and E) (Formula 4). Preparation of cyclopropane 7v needed the chloro compound 4f derived from cyclic sulfone 2f. Since these simple heterocyclic compounds hitherto were unknown the method of preparation is given. 1,3-Dithiolane 28 (31) could be dioxidized selectively at one sulfur via a one-step or via a two step method (Scheme 10). The two 1,3-dithiolane dioxides described in literature 29, 30 were different from 2f which was easily mono-(or bis-) chlorinated at C-2.
In order to determine the relative position of substituents in cyclopropanes 7 and 16 unambiguously, 7a, 7q and 16b were subjected to 1 H-NMR shift measurements with Eu(FOD) 3 as earlier described 1,30a . In addition, the absolute structure of 16b has been independently confirmed via X-ray analysis 21a In 7a H X (7q: H cyclopropane ) exhibited the strongest shift, in Z-16b H A exhibited the strongest shift after gradual addition of Eu(FOD) 3 . All other slopes of the shift diagrams were calculated relative to these basis slopes (Table  II) . On basis of these values structures of all other cyclopropanes 7 were assigned.
GENERATION OF CARBENE DIMERS.
Usually, carbene generation is accompanied by carbene dimerization, however, in the aforementioned carbene reactions no traces of dimerization products could be observed in the presence of strong bases. Therefore, α-trimethylsilyl sulfones 33 of higher CH-acidity have been synthesized 31 which should be chlorinated to the corresponding α-chloro α-trimethylsilyl sulfones 34 under aprotic conditions (Scheme 11). No traces of chloro silyl sulfones 34 could be isolated, instead the high melting, well crystallizing dimers 35 were formed (Z/E ratios > 95/5). By-products were : 2, 33, monochlorinated 4 as well as bischlorinated 12 besides traces of ß-disulfones 28.
If the chlorinating agent tert. butylhypochlorite was replaced by hexachloroethane carbene dimer 35 to ß-disulfone 28 ~1:1 mixtures were obtained, replacement of hexachloroethane by carbon tetrachloride resulted in a predominating formation of ß-disulfones 28 besides trace amounts of carbene dimers 35.
When the above chlorination of 33a with tert. butylhypochlorite was carried out in the presence of dimethoxyethylene (6h : E/Z =1/3 mixture, excess), no carbene dimer 35a was formed, instead cyclopropane 7p was main product in 36% yield (cf. table I).
Initial silylation was the preferred reaction of Scheme 11, then chlorination of the anions of 33 was joining. In order to study the significance of the silyl group, Scheme 12 describes inversion of Scheme 11, i.e. α-chloro sulfones 4, their dichlorinated analogs 12 or their brominated products 13 served as carbanion precursors. As shown in Scheme 11 carbanionization with BuLi in the presence of trimethylsilyl chloride led to immediate formation of carbene dimers 35 in somewhat lower yields (Scheme 12). Correspondingly, tetraarylthiosubstituted dimer 35e was accessible in low yields (2% from 4e respectively 11% from 12e). Oxidative dimerization of carbanions generated from 2c or 4c by means of iodine or phenyl glyoxal, which usually prefer one-electron-oxidations, also gave 35c but in poor yields (Scheme 13). Attempted reductive C,C-connections starting from dichloro sulfonyl thioether 12c, from bromochloro sulfonyl thioether 13c or from its dibromo analogue (not described here in detail) by means of copper, zinc, or magnesium were unsuccessful. Neither formation of dimer 35c nor of carbene trapping product 7r with 1,2-dimethoxyethylene were observed.
Methods I-III yielded nearly pure Z-isomers 35 as was observed in other cases (cf. the cis-effect 32, 33 ). Isomerizations >90% yielding the corresponding E-isomers 35 resulted from addition of molar amounts of bromine in chloroform solution; bromine could be replaced neither by iodine (no reaction) nor by chlorine (decomposition).
E-35 isomers proved to be rather unstable under normal conditions, they reisomerized as in the solid state as in solution to form their Z-isomers 35 (Scheme 14). As outlined in table I (cyclopropanes 7v,w,x) cyclic carbenes 3f, g, h could be generated from the corresponding α-chloro α-sulfonyl thioethers 4f, g, h as described for open chain analogs. However, their formal dimers 35f, g, h were not accessible as described before; likewise, attempts starting from the corresponding trimethylsilyl sulfonyl thioethers 33, g, h (33f not accessible via described preparation procedure in consequence of carbanion instablility of 2f) failed (Scheme 15). 
CONCLUSION
Organothio sulfonyl carbenes 3 proved to be electrophilic carbenes similar to their methoxy analogs 1 . Prepared in situ via ylid decomposition (method A) or via α-eliminations (method B) they could be trapped by sufficiently nucleophilic reagents (i.e. sulfinate anions, diazo alkanes, enolethers, styrenes).
The usual carbene dimerizations were prevented by traces of sulfinate anions. After silylative removal of sulfinate impurifications 34 trapping of the Z-dimers was observed for the first time. Z/E isomerizations proved to be easily reversible.
A series of sulfur substituted cyclopropanes as well as several types of heterocyclic compounds were easily accessible via the title carbenes. Structure elucidations were afforded by 1 H-NMR shift measurements and X-ray analysis.
EXPERIMENTAL PART
Melting points were determined using a Kofler apparatus and/or a Fus-O-mat 35 of Heraeus. Elemental analyses 36 were in agreement with the calculated values. Infrared spectra were recorded on Beckman IR4230 or IR33 spectrometers. 1 H and 13 C NMR spectra were recorded predominantly on Bruker WH90 and AM400 spectrometers of CDCl3 solutions (TMS as internal standard). TLC used Alugram ® SIL G/UV254 foils from Macherey and Nagel. A 1-2:3 E/Z mixture of 1,2-dimethoxyethylene isomers 1 was separated by use of a micro spinning band column from NORMAG (100 cm length, 1200 cpm), fractions were monitored by GC using a Hewlett-Packard 5750 G.
Preparation of dithioacetal-S,S-dioxides 2 a) via method I (Gibson's method) 14 : 0.1 mol arylsulfonylacetophenone 37 , 10.6 g, (0.1 mol) sodium carbonate, and 0.1 mol methylthio methanesulfonate or methylthio 4-chlorobenzenesulfonate were heated with stirring in 200 ml ethanol until the evolution of carbon dioxide stopped (1-2 h). The reaction mixture was added to 500 ml ice water and the immediately formed arylsulfonyl thioethers 2 were extracted with dichloromethane; occasionally, acyl cleavages did not proceed completely. In these cases the crystalline and insoluble precursors were cleaved by an additional heating with dilute aqueous-alcoholic sodium hydroxide solution. In the case of 2c thiolation must be carried out by means of methylthio 4-chlorobenzenesulfonate, otherwise the 4-chlorobenzenesulfonyl group was easily substituted as the corresponding sulfinate by more nucleophilic methanesulfinate formed during conversion. In accordance with literature data, the following arylsulfonyl methylthiomethylsulfones were obtained: 40 in methanol (0.1 mol in 1000 ml). Stirring was continued overnight. Precipitated sodium iodate was removed by filtration and the solvent was evaporated i. vac. at room temperature. The residue was dissolved in chloroform, dried with magnesium sulfate, and the solvent was removed for a second time. 1,3-Dithiolane-1-oxide resulted as an oil (77% yield), 1,3-dithiane-S-oxide crystallized after addition of a few ml of dry ether, m.p. 89 °C 41 (95% yield), 1,3-benzodithiol-1-oxide (94% yield) afforded colorless crystals after recrystallization from methanol, m.p. 93-94 °C; structural confirmations of these sulfoxides were carried out via further oxidation to their corresponding sulfones: A solution of 10.6 g (0.067 mol) potassium permanganate in 470 ml water was dropped under stirring at room temperature to a combined solution of the corresponding dithioacetaloxide (0.067 mol in 1 l dioxane) and of 33.6 g (0.28 mol) magnesium sulfate in 1 l water. Stirring was continued for 12 h and the solvent was removed i. vac. after filtration. The residue was extracted three times with 200 ml dichloromethane, the combined extracts were dried over magnesium sulfate and the solvent was removed. The sulfones 2f, 2g, 2h crystallized after addition of a few ml of dry ether, 2f (60% yield) and 2g (100% yield) were recrystallized from ethanol, 2h (73% yield) was recrystallized from methanol. The m.p. 73.5 °C of 2f was identical with that of the one-pot procedure, the m.p. 138. : According to the described procedure starting from DMSO and acetic anhydride, in situ formed methylthiomethyl acetate was converted with sodium arenesulfinates 23a, 23b to afford 2a, 2b in larger amounts and in a high purity.
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. Further conversions with excess sodium methylthiolate in ethanol have been described frequently 44a-c sulfones 2a (87%), 2b (85%), 2c (81%) could be obtained by this method in high yields. Conversions of aryl bromomethyl sulfones 45) with arenethiolates gave lower yields. e) via method IV (sulfinate-sulfone Pummerer rearrangement Preparation of halogenated sulfonyl thioethers 4, 12, 13. Arylsulfonylmonochloromethyl thioethers 4a-h (except d), general procedure: 5.4 g (40 mmol) sulfuryl chloride in 50 ml absol. dichloromethane were dropped very slowly to a boiling solution of dithioacetal-S,S-dioxide 4a-g (except d) (40-44 mmol) in 50 ml absol. dichloromethane. Boiling was continued for 1 h after addition, then the solvent was removed i. vac. and the residue was crystallized from methanol. Only in the case of 4h Ogura's method 21c in chloroform at 0 °C had been applied, using a ratio of 21 mmol 4h to 50 mmol (4 ml) sulfuryl chloride; no dichlorination occurs in this case. 838 (s, 1 H, CH) ppm. 2-Chloro-1,3-dithiane-1,1-dioxide (4g): 86%, colorless crystals, 12a-g (except b and d; for 12b cf. ref. 21c, 12h could not be obtained even by use of a larger excess of sulfuryl chloride); general procedure: 225 mmol sulfuryl chloride were dropped slowly to a solution of 100 mmol dithioacetal-S,S-dioxide 4 in 300 ml chloroform with stirring at 0 °C. Stirring was continued for 6 h at 0 °C, then 12 h at room temperature. The chloroform solution was washed with 400 ml water, 1 l ether was added, and the combined organic phases were washed with 1 l of water, then dried over magnesium sulfate. Arylsulfonyl-bromochloromethyl thioethers 13 (except 13d,e,h); general procedure: 5.6 g (35.3 mmol) bromine were added slowly to a mixture of 20 mmol chlorosulfone 4 and 2 g (25.7 mmol) pyridine in 50 ml chloroform with stirring at 0 °C. Stirring was continued for 6 h at room temperature. 150 ml water were added and the mixture was extracted three times with 50 ml dichloromethane. The combined organic extracts were washed with 150 ml 10%-aqueous sodium thiosulfate, 150 ml water, and then dried over magnesium sulfate. (14) 49 via a one-pot procedure: A solution of 27.4 g (0.1 mol) α-[4-methylphenylsulfonyl] acetophenone 38 in 100 ml absol. acetonitrile was added dropwise under nitrogen to a stirred suspension of 6.6 g (0.22 mol) 80-per cent sodium hydride in 1 l absol. acetonitrile at room temperature. After stirring for 2-3 h the evolution of hydrogen had ceased, 12.6 g (0.1 mol) S-methyl methanethiosulfonate in 20 ml absol. acetonitrile were added and stirring was continued for additional 2 h at room temperature. During this period further evolution of hydrogen occurred, and sodium methanesulfinate precipitated at the same time. In a separate flask 20 g trioxane were monomerized to formaldehyde by heating with of 20 g of diphosphorus pentoxide under nitrogen to 180 -200 °C, and the formaldehyde-nitrogen gas stream was introduced into the reaction mixture causing additional precipitation of sodium benzoate 50 . After complete introduction of formaldehyde stirring was continued for 15 min at room temperature, the precipitated salts were removed by suction and washed with absol. acetonitrile. Most of the solvent was distilled off and the residue was poured into ice water. The resulting crystalline mixture of 1-methylthiovinyl 4-methylphenyl sulfone (14) and a small amount of paraformaldehyde which remained undissolved was recrystallized from ether, yielding 17. 8 mmol) chloro sulfonyl thioether 4b in 10 ml THF and 30 ml ether was dropped slowly to a vigorously stirred mixture of 770 mg (2.8 mmol) vinyl sulfone 14 and 10 mg 18-crown-6 (as PTC-catalyst) in 10 ml ether and 2 ml 50-per cent aqueous potassium hydroxide. Stirring was continued for 12 h, 10 ml water were added, and the phases were separated. After extraction of the aqueous phase twice with 10 ml ether the combined organic phases were dried over magnesium sulfate and the solvent was removed i. vac. , 3 H, SCH 3 ), 2.54 (s, 3 H, ArCH 3 ), 3.15 -3.19 (m, 2 H, CH A H B ) , 3.97 (q, J = 9. 1-Arylsulfonyl-1-organylthio-2-alkoxy resp. 2-aryl-cyclopropanes 7 via cyclopropanation of enol ethers or styrenes 6 with carbenes 3 under PTC-conditions; general procedure: A two-phase mixture of 30 mmol olefin and 10-80 mg (1-6 mol per cent) 18-crown-6 in 100 ml ether and 10 ml 50-per cent potassium hydroxide was prepared. Under vigorous stirring a solution of 5 mmol of the corresponding α-chloro-α-sulfonyl thioether 4 dissolved in 10 ml THF and 40 ml ether was dropped into the two-phase mixture and the reaction was continuously monitored by TLC. Volatile olefins were converted at 0 °C, while in other cases reactions were carried out at room temperature; most reactions were finished within 24 h, in some cases stirring had to be maintained up to 7 d. After 4 had disappeared, 100 ml water was added, the phases were separated, and the aqueous phase was extracted twice with 100 ml ether. The combined ether phases were dried over MgSO 4 , solvent was distilled off, and in cases in which styrenes had been applied as trapping agents, the residue was evaporated i. vac. at 30 °C. In most cases crystallization and recrystallization of the residue from methanol was sufficient to get pure cyclopropanes 7. Obstinate impurities could be removed via column chromatography on silica gel. 
